AD-AJ29  960  A  SIMPLE  PHOTOCHEMICAL  CONVERSION  OF  PERFLUOROALKYL 
HYDRIDES  TO  PERFLUORO . . (U)  TENNESSEE  UNIV  KNOXVILLE 
DEPT  OF  CHEMISTRY  d.L  ADCOCK  ET  AL .  31  MAY  83  TR-7 
UNCLASSIFIED  N00014-77-C-0685  F/G  7/5 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURt»U  Of  SIANDARDS  19bj  A 


o 

(£) 

o> 

o> 

ca 

•sC 

o 

<aT 


OFFICE  OF  NAVAL  RESEARCH 
Contract  No.  N00014-77-C-0685 
Task  No.  NR  053-669 


TECHNICAL  Report  No.  7 


A  Simple  Photochemical  Conversion  of  Perf luoroalkyl  Hydrides  to 
Perf luoroalkyl  Bromides  Using  Interhalogen  Compounds 


by 


James  L.  Adcock  and 
William  D.  Evans 

Department  of  Chemistry 
University  of  Tennessee 
Knoxville,  Tennessee  37996-1600 


May  31,  1983 


o 


Prepared  for  Publication  in  the 
Journal  of  Organic  Chemistry 


Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United 
States  Government 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited 


DISC 


JUN  2  9  1983 


83  06  28  081 


A 


*  Unclassified _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Entarad) 

REPORT  DOCUMENTATION  PAGE  befqr^^completi^'g^orm 

I.  REPORT  NUMBER  /  |2.  GOVT  ACCESSION  NO.  ^3.  RECIPIENT'S  CATALOG  NUMBER 

D  v  t-  7  o)Q  Q 


I.  REPORT  NUMBER  /  2.  GOVT  ACCESSION  NO.  ^3.  RECIPIENT'S  CATALOG  NUMBER 

Technical  Report  No.  7  y  AdAiSqqaD _ 

4.  title  (and  Subtitle) Low  Ternperaturs  Fluorination  of  5  type  of  report  a  perioo  covered 

Aerosol  Suspensions  of  Hydrocarbons  Utilizing 

Elemental  Fluorine-"A  Simple  Photo-chemical  con-  Interim _ 

version  of  Perf luoroalkyl  Hydrides  to  Perfluoro-  6-  performing  org.  report  number 
alkyl  Bromides  Using  Interhalogen  Compounds" _ 

7.  AUTHO  rid;  ”  ;  J.  CON"-.-  C*  O.-  GRAN  ”  •*-.:-<rEf 

James  L.  Adcock  and  William  D.  Evans  | 


N00014-77-C-0685 _ 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  '0.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  &  WORK  UNIT  NUMBERS 

Department  of  Chemistry 
University  of  Tennessee 

Knoxville.  Tennessee  37996-1600 _ NR  053-669 _ 

II.  CONTROLLING  OFFICE  NAME  ANO  AOORESS  >2.  REPORT  DATE 

Office  of  Naval  Research  Mav  1983 _ 

Department  of  the  Navy  >3-  number  of  pages 

Arlington.  VA  22217 _ 21 _ 

14  MONITORING  AGENCY  NAME  A  AODRESSfl!  dlllarant  Irom  Controlling  Olllca)  15.  SECURITY  CLASS,  (ol  I  him  raport) 

Unclassified _ 

15*.  DECLASSIFICATION/  DOWNGRADING 
SCHEDULE 

_  DlsTR|BUT)ON  STATEMENT  („i  ,ht,  Raport)  ~  —  -  —  ~~ 

This  document  has  been  approved  for  public  release  and  sale;  its 
distribution  is  unlimited. 


NR  053-669 

12.  REPORT  DATE 

May  1983 _ 

13.  NUMBER  OF  PAGES 


I  17.  DISTRIBUTION  STATEMENT  (ol  tha  aba  trad  antarad  In  Block  20,  If  dlllarant  Irom  Raport) 


I  18.  SUPPLE  -ENTARY  NOTES 


19.  KEY  WOROS  (Continue  on  rtvtrM  side  if  nocoooory  and  identity  by  block  number) 

Aerosol,  Direct  Fluorination,  Perf luoroalkyl  Hydrides, 
Perf luoroalkyl  Bromides,  Interhalogen  Compounds. 


20.  A?S1  Aa4t  (Continue  on  rovormo  midm  it  neemeemry  mnd  identify  by  block  number) 

^rhe  gas  phase  photolysis  of  mixtures  of  perf luoroalkyl  hydrides  and  one 
or  other  of  the  interhalogen  compounds  bromine  chloride  or  bromine  fluoride 
as  their  equilibrium  mixtures  provides  a  simple  route  to  perf luoroalkyl 
bromides  in  good  yields. 


DD  ,  jam*7j  1473  EDITION  OF  I  NOV  «S  IS  OBSOLETE 

$/N  0102-  LF-  014-  6401 


_ Unclassified _ _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Da  la  Bntatad) 


MS  3-105  C  REVISED 


A  Simple  Photochemical  Conversion  of  Perfluoroalkyl  Hydrides  to 
Perf luoroalkyl  Bromides  Using  Interhalogen  Compounds 


J.  L.  Adcock  and  Wm.  D.  Evans 
Department  of  Chemistry 
The  University  of  Tennessee 
Knoxville,  TO  37996-1600 


submitted  to 


Journal  of  Organic  Chemistry 


ABSTRACT 

The  gas  phase  photolysis  of  mixtures  of  perfluoroalkyl  hydrides  and  one 
or  other  of  the  interhalogen  compounds  bromine  chloride  or  bromine  fluoride 
as  their  equilibrium  mixtures  provides  a  simple  route  to  perfluoroalkyl 
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MS  3-105  C  REVISED 


A  Simple  Photochemical  Conversion  of  Perf luoroalkyl  Hydrides  to 
Perf luoroalkyl  Bromides  Using  Interhalogen  Compounds 

by 

James  L.  Adcock  and  William  D.  Evans 

It  is  an  accepted  principle  that  the  inductive  effects  of  halogen 
substituents  reduces  the  reactivity  of  hydrogen  to  radical  abstraction  by 
chlorine*-^  or  bromine  atoms. ^  Furthermore  it  is  accepted  that  resonance 
effects  of  halogen  substituents  have  an  effect  on  geminal  hydrogen  reactivity 
which  is  opposite  that  of  their  inductive  effects.^  Copp  and  Tedder  have 
shown  that  substitution  of  hydrogen  by  chlorine  lowers  the  activation  energy 
for  radical  abstraction  of  geminal  hydrogen  by  bromine,  while  substitution  of 
hydrogen  or  chlorine  by  fluorine  raises  the  activation  energy  for  radical 
abstraction  by  bromine.'4  The  increase  in  activation  energy  for  hydrogen 
abstraction  on  fluorinated  and  chlorof luorinated  methanes  for  bromination 
would  seem  to  apply  to  direct  f luorinations  as  well.  For  example,  fluorine 
substitution  of  neopentanes  tends  to  produce  preferentially  the  symmetrically 
substituted  polyfluoro  neopentanes. ^ 

Despite  the  deactivation  of  hydrogens  toward  radical  abstraction  in 
fluorocarbons,  photochemical  bromination  and  chlorination  of  hydryl-P-alkanes 
have  been  previously  reported  in  early  work  by  Haszeldine^  and  by  Benning 
and  Park. ^  Thermal  brominations  of  hydryl-F-alkanes  have  been  studied  by 
Amphlett  and  Whittle  at  temperatures  in  excess  of  400°C.®  They  have  also 
shown  increases  in  the  activation  energies  in  hydrogen  abstraction  by  bromine 
in  the  fluoromethane  series:  CFH3,  CF2H2,  CF3H,  and  also  document  the 
reversibility  of  the  bromination  reaction  due  to  its  inhibition  by  HBr.® 

As  part  of  a  research  effort  directed  at  the  construction  of  highly 
branched  fluorocarbon  networks,  we  sought  convenient  ways  to  introduce 
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reactive  groups  onto  hydryl-F-neopentanes  and  other  fluorocarbons.  This  lei 
us  to  attempt  several  photochemical  bromination  schemes.  We  were  able  to 
confirm  the  very  facile  room  temperature,  gas  phase  photo-chlorination  of 
hydryl-F-alkanes  but  were  not  able  to  achieve  significant  photo-bromination 
of  these  molecules  at  ambient  temperatures.  Thermal  bromination  was 
unsuccessful  at  250°C,  and,  higher  temperatures  resulted  in  significant 
fluorocarbon  skeletal  fragmentation.  Efforts  were  then  directed  toward 
interhalogen  compounds  as  potential  bromination  reagents.  It  is  the  results 
of  those  investigations  which  are  the  basis  of  this  report. 

Results  and  Discussion 

Because  the  reactivity  of  chlorine  with  hydryl-F-neopentane  was  high  and 
that  for  bromine  was  so  low,  the  first  interhalogen  which  suggested  itself 
was  bromine  chloride.  A  search  of  the  literature  produced  many  instances 
where  bromine  chloride  was  used  as  a  reactive  electrophilic  brominating  agent 
but  far  fewer  instances  where  it  was  used  as  a  free  radical  brominating 
agent.  These  examples  have  been  reviewed  in  some  detail  by  Mills  and 
Schneider. ^  Among  the  free  radical  reaction  examples  was  a  reference  to 
the  bromination  of  fluoroform  by  bromine  chloride  which  reportedly  produced 
exclusively  bromotrif luoromethane . ^ 

Bromine  chloride  (mp  -66°C,  bp  5°C)  is  approximately  40%  dissociated 
at  25°C  (k^  »  0.34)  into  bromine  (rap  -7.2°C,  bp  58.8°C)  and  chlorine  (mp 
-103°C,  bp  -34.6°C).^1  It  is  a  polar,  reactive  electrophile  and  its 
selectivity  as  a  brominating  agent  is  apparently  due  to  the  attraction  of  the 
electron  rich  radical  to  the  positive  (bromine)  end  of  the  molecular  dipole 
of  BrCl.^  GiVen  this  hypothesis,  the  more  electrophilic  the  radical  the 
less  selective  will  be  the  bromination. 
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The  reaction  of  hydryl-J[-neopentane  with  bromine  chloride  was  much 
slower  (100  hrs)  than  the  ambient  temperature  chlorination  of  that  compound 
(10  minutes).  The  reaction  was  followed  by  gas  phase  infrared  spectroscopy. 
Although  bromo-F-neopentane  formed  much  faster  initially  than  chloro-F-neo- 
pentane,  the  latter  compound  was  negligible  in  yields  only  for  overall 
conversions  of  less  than  10%.  As  the  reaction  reached  completion  (304  hrs) 
the  percentages  of  brorno-  to  chloro-F^-neopentane  was  48%  to  43%.  A  slight 
excess  of  bromine  to  chlorine  and  a  slightly  shorter  (254  hrs)  reaction  time 
slightly  increases  the  yield  of  bromo-J[-neopentane.  The  F  NMR  data  (Table 
1)  are  characteristic  and  easily  interpretable. 

The  reactions  of  1 , 3-dihydryl-F-neopentane  under  similar  conditions  are 
summarized  in  Table  2.  All  possible  products  were  produced.  For  example  in 
Rxn.  1,  1 ,3-dibrorao-(31 .5%) ,  l-bromo-3-chloro-( 18 .6%) ,  l-brorao-3-hydryl- 
(29.2%),  1 ,3-dlchloro-(6 .5%)  and  l-chloro-3-hydryl-( 11 .4%)  were  produced. 

The  overall  ratio  of  chlorination  to  bromination  was  1:2.6.  Increases  in 
chlorine  concentration  (Rxn.  2)  and  increases  in  overall  reaction  time  (Rxn. 
3)  markedly  increased  the  yield  of  l-bromo-3-chloro-F-neopentane  (29.4%  and 
32%,  respectively).  Decreases  in  chlorine  concentration  (or  increases  in 
bromine  concentration),  Rxn.  4,  significantly  increased  the  yield  of  1-bromo- 
3-hydryl-F-neopentane  (48%)  and  recovered  starting  material  (10%).  The 
optimum  reaction  (Rxn.  1)  for  making  1 ,3-dibromo-F-neopentane  produced  2.6 
times  as  much  bromination  as  chlorination  products,  however,  optimal  bromina¬ 
tion  (4.4:1)  occurred  for  reaction  4  which  produced  predominately  l-bromo-3- 
hydryl-F-neopentane  (48%). 

It  is  apparent  from  these  results  that  the  proportion  of  chlorination  to 
bromination  increases  both  with  the  concentration  of  chlorine  and  with 
overall  reaction  time.  Conversely,  the  proportions  of  brominated  to 
chlorinated  products  decreased  with  reaction  time. 
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In  a  set  of  control  experiments  F-neopentyl  bromide  and  chlorine  gas 
irradiated  for  30  hours  produced  approximately  8%  F-neopentyl  chloride,  90% 
recovered  F-neopentyl  bromide  and  2%  _F  pivaloyl  chloride.  The  converse  reac¬ 
tion  of  F-neopentyl  chloride  with  bromine  did  not  occur.  Furthermore  F-neo¬ 
pentyl  bromide  plus  hydrogen  (and  also  deuterium)  did  not  react.  The  reac¬ 
tion  of  j[-neopentyl  bromide  with  mercury,  however,  produced  20%  F-2 ,2,5,5- 
tetramethylhexane  (F-dineopentyl)  after  47  hours  of  irradiation.  The 
chloride  produced  only  a  trace  of  the  coupled  product  under  similar 
conditions . 

These  experiments  suggest  that  although  the  bromides  are  produced 
faster,  they  are  more  reactive  and  are  gradually  consumed,  i.e.  converted  to 
the  chlorides  in  the  interhalogen  reactions. 

The  reaction  of  2-dif luoromethyl-2-trif luoromethyl-4 ,4 ,5 ,5-tetraf luoro- 
1 ,3-dioxolane  with  BrCl  produced  much  higher  yields  of  perhalogenated 
products:  59.5%  bromo-  and  37.5%  chloro-F-dioxolanes .  This  is  likely  a 
result  of  the  increased  reactivity  of  the  starting  compound.  The  reaction  of 
BrCl  and  l-hydryl-F-2 , 5-dioxohexane  (hydryl-F  glyme,  CF3OCF2CF2OCF2H) 
however,  does  not  go  to  completion  but  "equilibrates”  at  37.1%  chloro-,  34.5% 
bromo  and  28.4%  starting  material. 

The  reactions  of  BrCl  with  2-hydryl-F-dioxane  and  4-hydryl-J?-2 , 2- 
dimethyl-1 ,3-dioxolane  result  in  extensive  decomposition  of  both  fluorocar¬ 
bons.  Neither  reaction  produced  identifiable  amounts  of  the  chloro-  or 
bromo-  analogs,  nor  were  significant  amounts  of  starting  material  recovered 
in  either  case. 

The  "chlorobromination"  reaction  is  a  significant  improvement  over  the 
metallation-bromination  of  hydryl-F-neopentane;  the  only  previously  reported 
route  to  bromo-£-neopentane. ^  The  metallation  route,  however,  remains  the 


preferred  route  to  iodo-F-neopentane .  Photoloysis  of  IC1  and  hydryl-F-neo- 
pentane  produced  chloro-F-neopentane,  HC1  and  I2.  This  failure  is  not 
surprising  because  of  the  photo-lability  of  jF-alkyl  iodides  and  the  low 
reactivity  of  iodine  atoms. 

Despite  the  improvement  in  convenience  of  the  chlorobromination  over  the 
metallation  route,  it  is  still  slow  and  produces  considerable  amounts  of 
undesired  chlorof luorocarbons .  In  search  of  a  faster,  more  efficient 
brominating  agent,  we  immediately  began  to  investigate  the  possibility  of 
using  bromine  fluoride,  BrF.  Bromine  raonofluoride  (mp  -33°C,  bp  20°C)  is  not 
stable  but  disproportionates  extensively  (55%  at  55°C;  55  torr)  to  bromine 
(mp  -7.2°C,  bp  58.8°C)  and  bromine  trifluoride  (mp  9°C,  bp  126°C).  Dissocia- 
tion  to  the  elements  is  not  appreciable  at  room  temperature  (K^  =  8x10“  ). 
Because  of  the  disproportionation  of  BrF  to  BrF3  and  Br2,  special  techniques 
were  required  to  minimize  contact  between  the  hydryl-f luorocarbons  and  BrF 3 
and  to  prevent  the  liquid  BrF3  from  attacking  the  quartz  reactor.  The  net 
reaction:  BrF  +  RpH  ♦  RpBr  +  HF,  also  requires  a  hydrogen  fluoride 
scavenger  to  prevent  HF  attack  on  the  quartz.  These  conditions  were  met 
relatively  easily  by  placing  a  9mm  x  50mm  "Teflon"  FEP1^  test  tube 
vertically  in  the  bottom  of  the  cylindrical  quartz  reactor  (170mL)  surrounded 
by  anhydrous  sodium  fluoride  pellets  to  absorb  HF  and  support  the  "Teflon" 
tube.  A  threefold  stoichiometric  amount  of  BrF3  was  syringed  into  the  teflon 
test  tube.  The  tube  was  cooled  and  evacuated.  Then  the  stoichiometric 
amount  of  hydryl  fluorocarbon  and  a  threefold  stoichiometric  amount  of 
bromine  were  Introduced.  Photolysis  began  as  soon  as  frost  cleared  the  tube 
and  the  fluorocarbon  and  bromine  evaporated.  The  much  lower  vapor  pressure 
of  BrF3  and  the  large  vapor  phase  excess  of  bromine  maintained  the 
disproportionation  substantially  toward  BrF.  Some  BrF  and  BrF3  evidently 
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form  adducts  with  the  NaF  because  at  the  completion  of  the  reaction  (24  hrs) 
all  of  the  volatile  BrF3  had  been  consumed. 

"Fluorobromination"  of  hydryl-F-neopentane  produced  78.6%  bromo-F-neo- 
pentane  and  6.6%  JF-neopentane.  The  remainder  consisted  of  recovered  starting 
material  plus,  occasionally,  an  unidentified  F-acid  fluoride  probably  formed 
by  contaminant  oxygen  from  attack  by  BrF3  on  the  quartz.  "Fluorobromination'' 
of  1 ,3-dihydryl-F-neopentane  produced  20%  1 , 3-dibromo-F-neopentane ,  15% 

1- bromo-3~hydryl-I[-neopentane  with  60%  of  the  starting  material  recovered. 

No  traces  of  bromo-F-neopentane  or  JF-neopentane  were  found. 

Experimental  Part 

Hydryl-F-neopentane,  1 ,3-dihydryl-F^-neopentane,  4-hydryl-F-2 ,2- 
dimethyl-1 ,3-dioxolane ,  2-dif luoromethyl-2-trif luoromethyl-F-1 ,3-dioxolane, 

2- hydryl-F-l ,4-dioxane  were  major  products  isolated  from  nonphotochemically 
finished,  aerosol  direct  fluorinations  of  neopentane,  2, 2-dimethyl-l ,3- 
dioxolane  and  1,4-dioxane  respectively.-’  Some  2-hydryl-J?-l ,4-dioxane , 
1-hydryl  and  1 ,3-dihydryl-F-neopentanes  and  all  of  the  1-hydryl-  and 

3- hydryl-F-2 ,5-dioxahexanes  [hydryl-F-( ethyleneglycol  dimethylethers)]  were 
produced  by  LTG  direct  fluorination  techniques.^ » 15  Bromine  (Fisher), 
chlorine  (Linde)  and  bromine  trifluoride  (Matheson)  were  commercial  products 
which  were  purified  by  vacuum  line  fractionation,  using  flexible  "Teflon" 

PTFE  tubing  as  traps  in  the  case  of  BrF3 .  Photolysis  reactions  were 
conducted  in  a  170  mL  cylindrical  quartz  vessel  (-40mm  x  ~135mm)  fitted  with 
a  Kontes  0-4nm  "Hivac"  stopcock  through  a  graded  seal.  Contents  were 
irradiated  using  a  125W  Hanovia  medium  pressure  mercury  vapor  arc  lamp. 
Ambient  temperature  inside  the  enclosure  was  approximately  35°C  during  opera¬ 
tion.  The  reaction  was  monitored  at  half  day  intervals  by  withdrawing  some 
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of  the  gas  phase  products  Into  a  lOcra  gas  infrared  cell  (KC1  windows). 
Following  the  reaction,  excess  halogens  were  absorbed  by  condensation  of  the 
product  into  a  tube  containing  a  filter  paper  wet  with  oleic  acid.  Nonreac¬ 
tive  products  were  vacuum  transferred  and  subjected  to  a  work-up  which 
consisted  of  vacuum  line  fractionation;  infrared  assay  of  fractions;  gas 
chromatographic  separation  of  components  using  either  a  7  meter  x  3/8"  13% 
Fluorosilicone QF-1  (Analabs)  stationary  phase  on  60-80  mesh,  acid  washed, 
chromosorb  p  conditioned  at  225°C  (12  hrs)  or  a  4  meter  x  3/8"  10%  SE-52 
phenyl-methyl  silicone  rubber  on  acid  washed  60-80  mesh  Chromosorb  p, 
conditioned  at225°C  (12  hrs).  Following  gas  chromatographic  separation 
(Bendix  Model  2300,  subambient  multi-controller),  all  products  of  "signifi¬ 
cance"  were  collected,  transferred  to  the  vacuum  line,  assayed  and  character¬ 
ized  by  vapor  phase  infrared  spectrophotometry,  PE1330;  electron  impact 
(70eV)  and  chemical  ionization  (CH4  plasma)  mass  spectrometry  (Hewlett- 
Packard  GC/MS,  5710A  GC,  5980A  MS,  5934A  Computer);  and  and  19F  nuclear 
magnetic  resonance  (JEOL  FX90Q,  omniprobe)  in  CDC1 3  with  1%  CFCI3  internal 
standard.  Elemental  analyses,  where  necessary,  were  performed  by  Schwarzkopf 
Microanalytical  Laboratory,  Woodside,  New  York. 

Hydryl-F-Neopentane:  BrCl  -  Hydryl-F-neopentane  (0.508  mmol,  0.1371  g) , 
chlorine  (0.480  nmol,  0.340  g)  and  bromine  (0.572  mmol,  0.0915  g)  were 
condensed  into  the  evacuated  quartz  cylindrical  bulb.  The  contents  of  the 
bulb  were  warmed  to  ambient  temperature,  until  all  reactants  were 
evaporated.  The  contents  were  then  irradiated  for  a  total  of  254  hours.  The 
irradiation  was  interrupted  at  half  day  intervals  for  infrared  examination. 
Workup  of  the  products  produced  52%  bromo-F-neopentane,  45%  chloro-F|-neopen- 
tane  with  3%  recovered  starting  material.  See  Table  I  for  characterization. 
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l,3-Dlhydryl-F--neopentane;  BrCl  -  1 , 3-Dihydryl-F-neopentane  was  reacted  with 
bromine  chloride  under  several  sets  of  conditions  which  are  outlined  in  Table 
2.  The  effect  on  product  distributions  by  changes  in  Cl2/Br2  ratios  and 
reaction  times  are  tabulated.  Reactions  were  performed  in  a  manner  similar 
to  the  hydryl-£-neopentane  reactions.  Characterizations  of  products  are  also 
given  in  Table  1 . 

F-Neopentyl  Bromide;  CI2  -  Bromo-F-neopentane  (0.03  mmol,  0.010  g)  and  chlorine 
(0.09  mmol,  0.0064  g)  were  condensed  into  the  evacuated  quartz  cylindrical 
bulb.  The  contents  were  warmed  to  ambient  temperature,  and  then  irradiated 
with  the  125  watt  mercury  vapor  lamp  for  a  total  of  30  hours.  The  ix  Na¬ 
tion  was  interrupted  three  times  at  2  hour  intervals  and  at  6  hour  ir  'als 

thereafter  for  infrared  examination.  The  C-Cl  band  of  J?-neopentyl  cl  ide 

at  860  cm'1  was  noticable after  two  hours  as  a  shoulder  on  the  C-Br  be  A 
F-neopentyl  bromide  at  840  cm*1  Gas  chromatographic  assay  of  the  total 
product  indicated  90%  F-neopentyl  bromide,  8%  £-neopentyl  chloride  and  2% 
F^-pivaloyl  chloride. 

F-Neopentyl  Bromide:  Hg  -  Bromo-F-neopentane  (0.04  mmol,  0.014  g)  and 
mercury  (0.5  mmol,  0.1  g)  were  combined  in  the  evacuated  quartz  cylindrical 
bulb  and  irradiated  for  47  hours  with  the  125  watt  mercury  lamp.  Gas  chroma¬ 
tographic  assay  of  the  total  product  indicated  a  mixture  of  20%  dimer, 

F-2 ,2 ,5 ,5-tetramethylhexane  identified  by  its  infrared  spectra.  16  The 
remainder  consisted  of  unchanged  starting  material. 

F-Neopentyl  Chloride:  Hg  -  Chloro-J?-neopentane  (0.20  mmol  0.062  g)  and 
mercury  (1  mmol,  0.2  g)  were  combined  in  a  second  quartz  vessel  and  the 
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reaction  carried  out  simultaneously  with  the  bromo-J?-neopentane  reaction. 

Only  a  trace  of  dimer  was  produced  in  this  reaction.  Identification  was  made 
by  g/ c  retention  time  comparison  of  products  with  the  bromo-F-neopentane  run. 

1- Hydryl-F-2 , 5-dio%ahexane :  BrCl  -  l-Hydryl-£-2 , 5-dioxahexane  (0.3077  mmol, 
0.075  g),  chlorine  (0.318  mmol,  0.0225  g)  and  bromine  (0.3206  mmol,  0.0521  g) 
were  condensed  into  the  quartz  bulb.  On  warming,  the  mixture  was  irradiated 
for  302  hours  before  coming  to  equilibrium.  Workup  produced  l-brorao-F-2 ,5- 
dioxahexane  (34.5%),  l-chloro-J?-2 , 5-dioxahexane  (37.1%)  and  recovered 
starting  material  (28.4%).  Characterizations  are  given  in  Table  3. 

1 7 

2- Dlf luoromethyl-2-trif luoromethyl-4 ,4 ,5 , 5-tetraf luoro-1 ,3-dioxolane  :  BrCl 
-  The  starting  material  (0.563  mmol,  0.150  g) ,  chlorine  (0.588  mmol,  0.0417 
g)  and  bromine  (0.588  mmol,  0.0939  g)  were  condensed  into  the  quartz  bulb. 

On  warming,  the  mixture  was  irradiated  for  192  hours.  Workup  produced 
2-bromodif luororaethyl-2-trif luoromethyl-4 ,4 ,5 ,5-tetrafluoro-l ,3-dioxolane 
(59.5%),  the  analogous  chloro-Jj-dioxolane  (37.5%),  and  recovered  starting 
material  (2.3%).  Characterizations  are  given  in  Table  4. 

Hydryl-F-neopentane :  BrF  -  The  quartz  bulb  used  in  the  BrCl  reactions  was 
fitted  with  a  9  mm  x  50  mm  "Teflon"  FEP  test  tube,  supported  vertically  in 
the  bottom,  and  charged  with  approximately  25  g  of  sodium  fluoride,  1/8" 
pellets  (Harshaw) .  Approximately  1.80  mmol  (0.10  ml,  0.25  g)  of  bromine 
trifluoride  was  syringed  into  the  test  tube  under  a  nitrogen  atmosphere.  The 
quartz  bulb  was  cooled  with  liquid  nitrogen,  evacuated,  and  0.167  g  (0.620 
mmol)  hydryl-F-neopentane  and  0.290  g  (1.80  mmol)  bromine  were  condensed  into 
the  bulb.  On  warming,  the  mixture  was  irradiated  for  a  total  of  108  hours, 
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although  Infrared  assay  showed  little  change  after  24  hours.  Workup  produced 
bromo-F-neopentane  (78.6%),  £-neopentane  (6.6%)  and  recovered  starting 
material  (14%).  See  Table  1  for  characterization. 

1 ,3-Dlhydryl-F-neopentane:  BrF  -  1 ,  3-Dihydryl-J^-neopentane  (0.345  mmol, 

0.0868  g)  and  bromine  0.313  mmol,  0.050  g)  were  condensed  into  the  quartz 
bulb  containing  the  bromine  trifluoride  (0.90  mmol,  0.05  ml,  0.12  g) .  On 
warming,  the  mixture  was  irradiated  for  64  hours  with  most  of  the  reaction 
occuring  within  the  first  24  hours.  Workup  of  the  product  produced  1,3-di- 
bromo-F-neopentane  (20%),  l-bromo-3-hydryl-£-neopentane  (15%),  hydryl-F-neo- 
pentane  (trace)  and  unreacted  starting  material  (60%).  See  Table  1  for 
characterization. 


NMRa  DATA  AND  ELKMWTA!.  ANALYSES  OF  SUBSTITUTED  F-MKOPENTANES 


(a)  Relative  to  CFCl^  ( Ip^  internal)  =  0.0  ppm,  COCI3.  (mult 

(b)  See  Reierenee  12. 


Reaction  of  1 ,3-Dihydryl-F-neopentane  with  BrCl 


F  NMR  Data  on  1-Subs tituted-F-2 ,5-dioxahexanes 


F  NMR  Date  of  Some  F-l , 3-Dioxolane  Derivatives 
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(5)  Elemental  Analysis:  Calculated  for  C5Fg02Br:  %C  =  17.51%,  %F  =  49.86%;  Found  %C  17.52%,  %F  49.35%. 
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